o-Phenylalanyl-L-prolyl-L-arginine chloromethyl ketone (PPACK), a selective thrombin inhibitor, was evaluated as an alternative anticoagulant to lithium heparin (LiHep) for blood gas and whole-blood electrolyte analyses. Initial studies in serum revealed a negative proportional bias for ionized calcium (iCa) concentration measured in the range of increasing concentrations of LiHep (-0.02 mmol/L iCa per 33 klU/L), whereas no bias in iCa concentration was detected with increasing concentrations of PPACK. No anticoagulant-dependent changes in serum sodium, potassium, chloride, glucose, lactate, ionized magnesium, or pH were detected with either PPACK or LiHep. Similarly, no bias was observed in the measurement of whole-blood P02, Pco2, pH, or sodium or potassium concentrations with either anticoagulant. Whole blood anticoagulated with LiHep (33 klU/L) demonstrated a consistent -0.06 ± 0.01 mmoVL bias for iCa compared with a nonanticoagulated whole-blood control. In comparison, no iCa bias was observed with PPACK-anticoagulated whole blood. We conclude that PPACK has ideal bias-free properties as an anticoagulant in analyses for blood gases, electrolytes, and Ca. were not available to us at that time.
Procedures
Blood collection.
Test blood was collected from 10 healthy volunteers in accordance with institutional guidelines for the ethical conduct of human experiments. Using a butterfly needle, we sequentially collected 2 mL of venous blood directly into the syringe of choice, mixed each sample, and analyzed them within 8 mm. Control blood specimens were collected into syringes containing no heparin and were analyzed without delay (3). Test serum was pooled from a single volunteer and was maintained in sealed tubes throughout the experiment.
Serum analyses. Serum was separated by centrifugation 20 mm after collection and was maintained under anaerobic conditions. Aliquots (0.75 mL) were placed in tubes containing LiHep, PPACK, or no anticoagulant; sealed; and maintained on ice. Anticoagulant bias in serum was assessed by linear regression to determine the slope coefficient and its 95% confidence interval. Anticoagulant bias of analyses of whole blood was determined by one-way analysis of variance, and 95% confidence intervals of the bias was also reported. lactate, pH, or iMg was detected at concentrations of PPACK as great as fourfold that required for anticoagulation. In contrast, LiHep demonstrated statistically significant changes in iCa, Na, K, and iMg. Unlike the bias in iCa determination, however, the LiHep-mediated biases in Na, K, and iMg measurements were very slight and not medically relevant, as previously reported (10) (11) (12) .
Results

Preliminary
The alteration of serum iCa concentrations by -0.02 mmol/L in the presence of 33 kIUIL LiHep represents a bias of -10% of the reference range and has been the focus of recent studies (2, 3). In clinical practice, syringes may frequently be only partially filled, which can increase the concentration of anticoagulant above the recommended amount for bias-free analyses. Fig. 1 b Mean bias values for each anticoagulant group were compared with the control group bias by one-way analysis of variance. Shown is the probability that the anticoagulant group mean bias Is equal to the control group mean bias.
C Calculated result. Should PPACK be applied as a general anticoagulant for clinical specimens, the lack of analytical interference could allow more efficient utilization of blood samples and could reduce phlebotomy frequency or the number of different types of specimen tubes needed.
We conclude that PPACK has the properties of an ideal anticoagulant for blood gas electrolyte analyses, giving no preanalytical bias in serum or whole blood. We consider it a viable alternative to LiHep for the anticoagulation of samples before determinations of blood gases/electrolytes and iCa.
We thank M.A. Kenny and S. Malik for their assistance toward the transfer of this technology, and the Washington Research Foundation, Seattle, WA, for supporting a patent application related to this research.
